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Can Fractional Flow Reserve–Guided Side Branch
Intervention Strategy Improve Clinical Outcomes
Compared With Angiography-Guided Strategy?*Bon-Kwon Koo, MD, PHDSEE PAGE 536F ractional ﬂow reserve (FFR) is an invasivephysiological index to deﬁne ischemia-causing stenosis in patients with coronary ar-
tery disease. FFR represents the ratio of blood ﬂow
distal to a stenotic lesion to normal maximal ﬂow
and can be easily measured using a pressure sensor–
tipped guidewire in a cardiac catheterization lab-
oratory. FFR is helpful for clinical decision making
in patients with angiographically intermediate or
ambiguous coronary stenosis. Previous studies have
demonstrated the clinical beneﬁt of FFR-guided
revascularization strategy over angiography-guided
strategy or medical treatment (1,2).
The bifurcation lesion is one of the most chal-
lenging lesion subset in the ﬁeld of percutaneous
coronary intervention (PCI). Several clinical trials
were designed and performed to prove the beneﬁt of
side-branch stenting over balloon angioplasty or
medical treatment, but failed, even with the advent
of drug-eluting stents. Therefore, a provisional side-
branch intervention strategy is regarded as the
standard approach for general bifurcation lesions.
During the provisional strategy, the operator decides
whether to intervene on the side-branch ostial ste-
nosis after main-branch stent implantation. However,
there has been no universal criterion for jailed
side-branch intervention. Because anatomic assess-
ment generally overestimates the lesion severity of*Editorials published in JACC: Cardiovascular Interventions reﬂect the
views of the authors and do not necessarily represent the views of JACC:
Cardiovascular Interventions or the American College of Cardiology.
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received an institutional research grant from St. Jude Medical.jailed side branches (3–6), an FFR-guided revascu-
larization strategy can reduce unnecessary complex
intervention and associated complications. Although
a previous case-control study demonstrated that
FFR use resulted in less frequent side-branch inter-
vention without a difference in clinical outcomes
compared with conventional strategy (6), no ran-
domized study has been performed to prove the
clinical beneﬁt of an FFR-guided side-branch in-
tervention strategy over an angiography-guided
strategy.In this issue of JACC: Cardiovascular Interventions,
Chen et al. (7) present the ﬁrst randomized study
comparing FFR-guided and angiography-guided
side-branch intervention strategies in patients with
bifurcation lesions. The authors randomized 320
patients with true bifurcation lesions (Medina 1,1,1 or
0,1,1) with a planned provisional side-branch inter-
vention strategy to angiography-guided (Angio
group) and FFR-guided (FFR group) groups. In the
Angio group, the side branch was dilated when the
Thrombolysis In Myocardial Infarction ﬂow was <3,
dissection was greater than type A, or ostial stenosis
was >70%. Side-branch stenting was performed if
any of these criteria persisted after kissing balloon
inﬂation. In the FFR group, kissing balloon inﬂation
was performed when jailed side-branch FFR
was <0.8 and side-branch stenting when post–kiss-
ing balloon inﬂation FFR was <0.8. The major
ﬁnding of the study was that the 1-year composite
rate of major adverse cardiac events (cardiac death,
myocardial infarction, and clinically driven target
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548vessel revascularization) was similar in both groups
(18.1% in both groups, hazard ratio: 0.91, 95% con-
ﬁdence interval: 0.48 to 1.88). The 1-year target
vessel revascularization and stent thrombosis rates
were 6.9% and 5.6% (p ¼ 0.82) and 1.3% and 0.6%
(p ¼ 0.56) in the Angio group and FFR group,
respectively. Therefore, the investigators’ conclusion
was that angiography- and FFR-guided provisional
side-branch stenting of true bifurcation lesions pro-
vided similar 1-year clinical outcomes.
Because this study was designed to prove the
clinical beneﬁt of an FFR-guided side-branch inter-
vention strategy, the results can be disappointing,
especially considering the results of the FAME
(Fractional Flow Reserve versus Angiography for
Multivessel Evaluation) study (1). In the FAME
study, 1,005 patients with multivessel disease were
randomized to angiography-guided or FFR-guided
drug-eluting stent implantation. The 1-year event
rate (death, nonfatal myocardial infarction, and
repeat revascularization) was 18.3% in the
angiography-guided group and 13.2% in the FFR-
guided group (p ¼ 0.02) (1). Why were these ﬁnd-
ings not reproduced in this DKCRUSH-VI (Double
Kissing Double CRUSH VI) study? To answer this
question, the difference between the main branch
and side branch needs to be understood. It is well-
known that a certain amount of ischemic burden is
required to prove the beneﬁt of revascularization
over medical treatment. Because the side-branch
myocardial territory is smaller than that of the
main branch, the clinical impact of different strate-
gies for side branches will be less than that
for main branches. This may be the main reason
why there has been no clinical difference in the
most conservative strategy (leave-it-alone) and the
most aggressive strategy (side-branch stenting) in
previous randomized trials. Therefore, unless only
clinically relevant side branches are included,
no study will be able to prove the true efﬁcacy of a
certain intervention strategy. Although the in-
vestigators of the present study tried to select large
side branches, the reference vessel diameters of the
side branches were 2.28  0.29 mm and 2.23  0.30
mm in the Angio group and FFR group, respectively.
Furthermore, previous studies demonstrated that
vessel size may not be a sufﬁcient parameter
to represent the clinical relevance of a side
branch (8,9).
As expected, the FFR-guided strategy reduced
the need for side-branch stenting compared with
the angiography-guided strategy (38.1% vs. 25.9%,
p ¼ 0.01) in this study. However, as pointed out by
the authors, upfront use of a pressure wire may notbe cost-effective when used in all jailed side-branch
lesions. The present study also highlights the im-
portance of procedural experience and adequate
lesion selection. In this study, the failure rate of
side-branch FFR measurement was 9.4%, which is
similar to that from a previous multicenter study
(10). However, this rate was <5% in several single-
center studies. Therefore, risk and beneﬁt need to
be assessed before the application of FFR in daily
practice. Its use is most effective when used in
large side branches with relatively short ostial
lesions.
It is interesting to note that the restenosis rate at
the distal main vessel was higher in the Angio group
than in the FFR group (9.9% vs. 1.7%, p ¼ 0.02) in this
study. In the Angio group, distal main vessel reste-
nosis occurred only in lesions with side-branch
intervention. As side-branch intervention tends
to result in unfavorable geometric changes in the
main vessel, operators need to be careful to achieve
procedural success for both branches in cases of side-
branch intervention. The use of intravascular ultra-
sound (IVUS) can be very helpful to optimize the
procedures.
In this study, the proportion of functionally sig-
niﬁcant jailed side branches was higher than in pre-
vious studies. As discussed by the authors, it is
important to understand that jailed side-branch
FFR is inﬂuenced not only by the angiographic per-
centage of diameter stenosis but also by lesion
length, lesion morphology, vessel size, and addi-
tional upstream or downstream stenosis. Further-
more, angiographic assessment of a jailed side
branch is difﬁcult and is not free of subjectivity (11).
As side-branch FFR is more vulnerable to the inﬂu-
ence of main-branch stenosis, pressure pullback
tracing under maximal hyperemia needs to be per-
formed when side-branch FFR is low.
The investigators should be praised for per-
forming this randomized study and reminding
interventionalists of the important issues in bifur-
cation PCI. During PCI for bifurcation lesions, the
clinically relevant question may not be whether
FFR-guided side-branch intervention is better than
angiography-guided intervention, but how to opti-
mize the procedures without unnecessary inter-
vention. Operators need to acknowledge when and
how additional procedures such as FFR or IVUS are
best used. Furthermore, angiographic evaluation
should be more than a simple assessment for the
angiographic percentage of diameter stenosis of
jailed side branches. The importance of careful
angiographic evaluation to assess the myocardial
mass at risk, the risk and beneﬁt of FFR use, and
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549the presence of upstream and/or downstream ste-
nosis, which can inﬂuence measured side-branch
FFR, cannot be overemphasized. We need to
embrace a more physiological approach than the
mere measured FFR value itself.REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Bon-Kwon Koo, Department of Internal Medicine and
Cardiovascular Center, Seoul National University
Hospital, 101 Daehang-ro, Chongno-gu, Seoul 110-744,
Republic of Korea. E-mail: bkkoo@snu.ac.kr.RE F E RENCE S1. Tonino PA, De Bruyne B, Pijls NH, et al. Frac-
tional ﬂow reserve versus angiography for guiding
percutaneous coronary intervention. N Engl J Med
2009;360:213–24.
2. De Bruyne B, Fearon WF, Pijls NH, et al. Frac-
tional ﬂow reserve-guided PCI for stable coronary
artery disease. N Engl J Med 2014;371:1208–17.
3. Koo BK, Kang HJ, Youn TJ, et al. Physiologic
assessment of jailed side branch lesions using frac-
tionalﬂowreserve. JAmCollCardiol 2005;46:633–7.
4. Ahn JM, Lee JY, Kang SJ, et al. Functional
assessment of jailed side branches in coronary
bifurcation lesions using fractional ﬂow reserve.
J Am Coll Cardiol Intv 2012;5:155–61.
5. Koh JS, Koo BK, Kim JH, et al. Relationship
between fractional ﬂow reserve and angiographic
and intravascular ultrasound parameters in ostial
lesions: major epicardial vessel versus side branchostial lesions. J Am Coll Cardiol Intv 2012;5:
409–15.
6. Koo BK, Park KW, Kang HJ, et al. Physiological
evaluation of the provisional side-branch inter-
vention strategy for bifurcation lesions using frac-
tional ﬂow reserve. Eur Heart J 2008;29:726–32.
7. Chen S-L, Ye F, Zhang J-J, et al. Randomized
comparison of FFR-guided and angiography-
guided provisional stenting of true coronary
bifurcation lesions: the DKCRUSH-VI trial (Double
Kissing Crush Versus Provisional Stenting Tech-
nique for Treatment of Coronary Bifurcation Le-
sions VI). J Am Coll Cardiol Intv 2015;8:536–46.
8. Koo BK, Lee SP, Lee JH, et al. Assessment of
clinical, electrocardiographic, and physiological
relevance of diagonal branch in left anterior
descending coronary artery bifurcation lesions.
J Am Coll Cardiol Intv 2012;5:1126–32.9. Behan MW, Holm NR, Curzen NP, et al. Simple
or complex stenting for bifurcation coronary le-
sions: a patient-level pooled-analysis of the
Nordic bifurcation study and the British bifurcation
coronary study. Circ Cardiovasc Interv 2011;4:
57–64.
10. Koo BK, Waseda K, Kang HJ, et al. Anatomic
and functional evaluation of bifurcation lesions
using percutaneous coronary intervention. Circ
Cardiovasc Interv 2010;3:113–9.
11. Shin DH, Koo BK,Waseda K, et al. Discrepancy in
the assessment of jailed side branch lesions by vi-
sual estimation and quantitative coronary angio-
graphic analysis: comparison with fractional ﬂow
reserve. Catheter Cardiovasc Interv 2011;78:720–6.
KEY WORDS bifurcation, fractional ﬂow
reserve, revascularization
